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The reaction of the sulfido-bridged dimolybdenum or ditungsten complexSjiul,-S)(S,CNEL),] (M = Mo

(1a), W) with an equimolar amount of [NPPh)4 (M’ = Pd, Pt) gave a series of mixed-metal sulfido clusters
with a trimetallic MM’ core [M (PPhR)(u2-Sy{ M(S:CNEb)} 2(12-S)]. The X-ray diffraction study for [Pt(PR) 2
S{W(S,CNE®)} 2(u2-S)] (3b) has disclosed the presence of a novel triangular framework, for which the two
Pt—W edges are each bridged by qneS ligand and the remaining YWV edge is supported by twe-S ligands.
Cluster3b crystallized in the monoclinic system, space gr@fic with a = 13.718(3) Ab = 12.795(2) Ac =
43.798(2) A B = 95.24(1y, andZ = 8. Refinement by full-matrix least-squares techniques gave final residuals
R = 0.052 andR, = 0.038. Treatment of [Pd(PBI2-S){ Mo(S,CNE®)} 2(u2-S),] with an additional amount

of [Pd(PPh)4] resulted in the formation of the cubane-type mixed-metal sulfido cluged(PPh)}{ Mo(S;-
CNEWb)} 2(u3-S)], which was also obtained straightforwardly from the reactiofiaivith 2 equiv of [Pd(PP¥)4].

Introduction as well as the intramolecular cyclization of alkynoic acids with
remarkably high efficienc§?

Stimulated by these findings, further studies have been
undertaken to synthesize a series of mixed-metal sulfido clusters
containing Pd or a congenerous noble metal Pt. Quite recently
we have found two versatile synthetic routes leading to such
clusters. One involves the reactions of the hydrosulfido-bridged
dinuclear complexes [Cp*MCil-SHLMCp*Cl] (Cp* = 5°-
CsMes; M = Ru, Rh, Ir) with various metal complexes affording

The chemistry of transition metakulfur cluster$ is now
progressing rapidly owing to intimate relevance to certain
biologicaP and industrial catalyses.In this context, emphasis
has been placed on the clusters containing the first-row transition
metals and/or group 6 metals such as Mo and W. By contrast,
syntheses and reactivities of noble mewulfur clusters are still
poorly exploited, although a variety of stoichiometric and

catalytic reactions are known to be promoted by noble-metal an enormous body of M1"(us-S), clusterss while the other is
compounds. : . . .
the incorporation of one or two noble metals into the dinuclear

We have continuously been interested in the unique reac- ) _
tivities displayed by the noble metal center(s) embedded in the ;?fr;rglii);etshgérﬁ?%%_s%zggfgEg)gs(,\\fvith mgzsagvg)ﬁ?/)l)

metal-sulfur aggregates, and our recent studies have already_ Pd, Pt) or MePdh(uz-S) core. In this paper, we report in
demonstrated that the mlxed-m_etal sulfido cluster containing & yetail the reactions of the latter type. lItis to be noted that most
c;Jbane-typ()je Pdwm“ﬁst)“ cor(;a d'lts' cap:\blle %chatalyézmgl.the of the precedented metasulfido cluster cores have been
stereo- and regioselective addition ot alcondls carboxylic constructed by the use of self-assembly systems, and the rational
acid$? to the alkynes with electron-withdrawing substituents and reliable methods to form the desired megallfur frame-
P— - - works in satisfactory yields are still rare and desired to be
¢g:gg‘rttﬁqgat'”(ﬂ“gth’('aar:qifr'}f';cn% Biotechnology exploited. Extension of the reaction system reported here to
(1) (a) Transition Metal Sulfur Chemistry: Biological and Industrial ~ 9roup 9 noble metals is now under investigation, the results of

Significance Stiefel, E. ., Matsumoto, K., Eds.; American Chemical ~ which will be described in a subsequent paper.

Society: Washington, DC, 1996. (b) Saito, T. Harly Transition

Metal Clusters withr-Donor Ligands Chisholm, M. H., Ed.; VCH: . .

New York, 1995; Chapter 3. (c) Farrugia, L. J. Gomprehensie Results and Discussion

Organometallic Chemistry jlAbel, E. W., Stone, F. G. A., Wilkinson, . .

G., Eds.; Pergamon Press: Oxford, 1995; Vol. 10, p 187. (d) Dance, Formation of Trinuclear Clusters. Treatment of the
I.; Fisher, K.Prog. Inorg. Chem1994 41, 637. (e) Shibahara, T.  dimolybdenum or ditungsten complek with an equimolar
Coord. Chem. Re 1993 123 73. (f) Krebs, B.; Henkel, GAngew. amount of [M(PPh)j (M' = Pd, Pt) in THF at room
Chem., Int. Ed. Engl1991 30, 769. (g) Shibahara, TAdv. Inorg.
Chem.199], 37, 143. (h) Lee, S. C.; Holm, R. HAngew. Chem., Int.

Ed. Engl.199Q 29, 840. (i) Harris, SPolyhedron1989 8, 2843. (4) Murata, T.; Mizobe, Y.; Gao, H.; Ishii, Y.; Wakabayashi, T.; Nakano,
(2) (a) Burgess, B. K.; Lowe, D. Xhem. Re. 1996 96, 2983. (b) F.; Tanase, T.; Yano, S.; Hidai, M.; Echizen, I.; Nanikawa, H.;
Howard, J. B.; Rees, D. @hem. Re. 1996 96, 2965. (c) Eady, R. Motomura, S.J. Am. Chem. Sod.994 116, 3389.
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temperature afforded a series of triangular cluster§fRI) (.-
S{M(S:CNEb)} 2(u2-S)] (M = Mo, M’ = Pd @a), Pt (3a);

M =W, M' = Pd @b), Pt 3b)). Clusters2b, 3a, and3b were
readily isolated in an analytically pure form by recrystallization
from benzene hexane in moderate yields (eq 1).

P
s s QA
< Sh‘"'l\/ll"\‘\sm"u"‘\\S ) M' (F’Phg / R
S/ \S \S r.t., THF / ’S>
1a: M =Mo ks
1b:M=W

N 2b: M =W, M' = Pd (67%)
S S=S,CNEt, 3a:M=Mo, M = Pt (64%)
P = PPhg 3b: M =W, M' = Pt (84%)

However,2a obtained from the reaction dfawith [Pd(PPR),]

has proved to be contaminated by a small amount of the
tetranuclear cluster{ Pd(PPB)}2{ Mo(S,CNEb)} 2(us-S)] (4;

vide infra) concurrently produced (eq 2).

S S
(5",. I 8. ”,A-\‘S> Figure 1. ORTEP drawing foBb. Disordered carbon atoms with lower
s” Ys” s occupancy in a diethyldithiocarbamato ligand (C(27) and C(30)) as well
N as hydrogen atoms are omitted for clarity.
1a S S=S,CNEt,
P = PPhg Table 1. Selected Bond Distances and Angles3in
' Pd(PPhg)s Bond Distances (A)
Pt(1)-W(1) 2.787(1) Pt(1yW(2) 2.796(1)
P R p W(1)-W(2) 2.698(1)
pd_s ‘P‘d—/;S Pt(1-S(1) 2.271(4) Pt(1)S(2) 2.269(4)
/ S=Pd | s Pt(1)-P(1) 2.266(4)
\ /S—Mo- ) | s-|-Mo=s @ W(1)-S(1) 2.191(5) W(2)S(2) 2.182(4)
s/Mo / ~s e——MO—S W(1)—S(3) 2.321(4) W(2)S(3) 2.311(5)
s s’ W(1)—S(4) 2.320(5) W(2)S(4) 2.316(5)
2a 4 W(1)—S(5) 2.483(4) W(2)S(7) 2.457(6)
W(1)—S(6) 2.472(4) W(2)S(8) 2.458(6)

Although the reaction ofa with a less amount of [Pd(PE)]

(0.8 equiv) was attempted to suppress the formatiod, dhe ) GBOSg g\ngles (deg) 5 60.03(3
2a4 ratio in the product mixture did not increase appreciably \F/)\}E%g:\é\/t((ll)):wgzg 5%'798 PIIYW(2)-W(1) 93(3)
(ca. 1Q:1) and.isolat.ion &ain a pure form was unsuccessful S(1)-Pt(1)-P(1) 106.9(2) S(2)Pt(1)-P(1) 95.9(2)
from this reaction mixture. S(1)-Pt(1)-S(2) 157.2(2)

In the IR spectra o and3, the characteristie (M=S) bands W(2)-W(1)—-S(1) 113.9(1) W(LXWwW((@2)—-S(2) 113.3(1)
observed forla (546 cntl) and 1b (531 cn1?) disappeared, S(AyFW(1)-S(3)  117.3(2)  S(HW(2)—S(3)  113.8(2)
indicating that the terminal ¥S groups are no longer present g(ll)_v\\/l\/(ll)_ss(‘ls? 1;2-2(%) g(zfv\\/lv(zz)_ssfdg 181(?2(?
in 2 and3. Involvement of the &NEt and PP ligands in V\%zg_w(( ))_ S((3)) 54'221; V\;Ef;w((z))is((s)) 54'58
the 2:1 ratio has been demonstrated by ¥HeNMR spectra, PH1-W(1)-S(4)  833(1) P{LW(2)-S@)  83.2(1)
and the coupling between Pt and P nuclei observed in the w(2)-w(1)-S(4) 54.4(1)  W(1)W(2)—-S(4) 54.5(1)
31P{*H} NMR spectra oB has substantiated that the BRgand The W—W distance at 2.698(1) A is slightly shorter than

binds to the Pt atom. The methyl protons in th€SEL ligands hat in the parentlb (2.795(2) A} and the other ditungsten

appeared as one signal, suggesting the equivalence of all methy omplexes containing the WS£S)WS core such as [W&:(ur
groups. This structural feature has been unequivocally con- SKCl(py)a] (2.844(4) A: py= pyridine)? [WsSy(uz-S)(Su)s]2
firmed by the X-ray analysis d8b described below. (2.836(2) A)? and [WhSs(uz-S)(SCHCH,S)] >~ (2.862(1) A)10
X-ray Structure of 3b.  Since high-quality single crystals but still sigr;ificantly longer than the WW double bond ,in
were obtained foi3b, an X-ray analysis was carried out to ¢ o "y S)4,-S,CNEL)(SCNER)] (2.530(2) A)2 The

eLuudatg 'Itf’ struc;urehlq dEt?"' " A(‘jnbORJEP tdrawmg31$ IS | two Pt=W distances at 2.787(1) and 2.796(1) A are comparable
shown in Figure 1, while selected bond distances and angl€sSy, yhe typical P+W bond distances (2.662.895 A)12

are collected in Table 1. Clust8b has a triangular Pt¥\tore, The significantly long separation of the Pt atom from both

in which the two P+W edges are each bridged by ongS ) o
ligand, whereas the remaining-YWV edge is supported by two of the twouz-S atoms bridging the WW bond (3.41 and 3.51

uz-S ligands. The twqi>-S atoms bridging the P bonds (7) Drew, M. G. B.: Hobson, R. J.; Mumba, P. P. E. M.; Rice, D. A.;
and the three metal atoms are almost coplanar. Ignoring the Turp, N.J. Chem. Soc., Dalton Tran$987, 1163.
orientation of the Ph groups in the PPigand, 3b may be (8) Drew, M. G. B.; Hobson, R. J.; Rice, D. A.; Turp, BL. Chem. Soc.,

. : - : Dalton Trans.1986 2165.
considered to have a pseudo mirror plane defined by these five (9) Cohen, S. A.. Stiefel, E. Inorg. Chem.1985 24, 4657.

atoms along with the P atom, which is consistent with the (10) Pan, W.-H.: Chandler, T.; Enemark, J. H.: Stiefel, Enérg. Chem.
spectral data shown above. The four-membered ring that 1984 23 4657. _ _

comprises two W atoms and the two S atoms bridging theww (1) f;”%gﬁg Cotton, F. A.; Dori, Z.; Sekutowski, J. @org. Chem1978
edge is not flat but puckered with the dihedral angle 0f°149 (1) Bender, R.: Braunstein, P.; Jud, J.-M.; Dusausoyinérg. Chem.

along the W-W bond. 1984 23, 4489.
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Scheme 1
P
F;\’d /Ps \
S s ST ~Pd—s
S | uS. || oS\ 2Pd(PPhy), ?_SPIdN! SN T WA
s NN s-MI—s" © 3/,M°'§<'\/M°:s>
s Cs s
la 4 (71%, from 1a) 2a
S  S=S,CNEt,
P = PPhy

A) clearly distinguishes the Pty8, core in3b from the typical
M3(us-S)(u2-S) incomplete cubane-type cores. Thus, neglecting
the metat-metal bonds, the coordination geometry around the
Pt atom is distorted square planar with the void site opposite to
the P atom (S(3)Pt—P, 106.9(2); S(2)-Pt—P, 95.9(2)),
whereas that around the two W atoms is distorted square
pyramidal. The distances of the W{1$(1) and W(2)>-S(2)
bonds (2.191(5) and 2.182(4) A) are elongated from the
corresponding &S bond distances ifib (2.086 A (mean)y.
However, they are still considerably shorter than those of the
other four W-u»-S lengths (2.311(5)2.321(4) A) and rather O
close to those of the typical terminal®A6 bonds (2.0%£2.19 C1
A).13 This might indicate the donation of the lone-pair electron
on the S(1) or S(2) atom to the W atom. The-Rt-S distances
of 2.271(4) and 2.269(4) A are slightly shorter than those in c2
some Pt(Il) complexes without any metahetal interactions Figyre 2. Molecular structure of4. Phenyl and ethyl groups are
around the Pt atom(s) such as [§PhPt(u2-S)(Cp*Rul(uz- omitted.
SPH2]%a and [Ph(u2-Sk(dppyu]*P (2.31-2.36 A; dppy =
2-diphenylphosphinopyridine).
Dinuclear sulfido complexes with a @, core are now known
to serve as useful precursors to prepare mixed-metal sulfido
clusters with a variety of core structur®s?® However, to our ) ) i )
knowledge, incorporation of one heterometal into theSMk- !lg_a_nds in a ratio of 1:1._ Clustet seems to be produced via
S), cores have so far resulted in the formation of theMV mmgl_ formation of the trlangl_JIar cluste2a. Indeed, further
(u3-S)(u2-S) incomplete cubane-type clusters exclusively, and addition of [Pd(PP¥,] to a mixture of2a and4 prepared as
the Ptfiz-S)Wa(uz-S), core found in3b is unprecedented for described above_ afforded a product solution conta_lma_g the
M3Ss clusters. For example, the reactions ofy6[M »Sy(uz- only metal species from th and3P{1H} NMR criteria.
SR(SCHCH,S)] (M = Mo, W) with [Cu{ S,P(OEt}} (PPh),] Unfortunately, the related cubane-type clusters were not
or [Ag(NOs)(PPhy)3] are known to afford the mixed-metal isolated from other combinations bfand 2 equiv of [M(PPh)4]
sulfido clusters [EN][(PhsP)M Ma(us-S)(u2-S)(SCHCH,S)] (M" = Pd, Pt). Thus, from the reaction &b and [Pt(PP§)4],
(M' = Cu, Ag)16ac only the triangulai3b was isolated, while analogous treatment
Preparation of Pd,M0,S; Cubane-Type Cluster 4. When of Lawith [Pt(PPh)4] and 1b with [Pd(PPh)4] both resulted in
la was treated with 2 equiv of [Pd(PBH, the mixed-metal the formation of complex mixtures of unidentified products. For
sulfido cluster with a cubane-type Mdo,S, core [ Pd(PPB)} - the latter reaction, formation of the cubane-type clus{@df
(PPRh)} { W(S,CNE)} 2(u3-S)] (5) is suggested by thkH and
31P{1H} NMR spectra of the reaction mixture. Furthermore,
its structure has been confirmed by the X-ray analysis using a
single crystal of the product accidentally isolated in quite a low
yield. However, clusteb obtained in a crude form was readily
converted to an uncharacterizable species during the recrystal-
lization, and we have not yet succeeded in finding the procedure
to isolate5 in a pure form and in a reproducible way.
The cubane-type structure dfhas been confirmed further
by a preliminary X-ray diffraction study using a single crystal
of 4, although refinement of the structure was unable to be
completed due to the poor reflection d&taHowever, the atom-
connecting scheme for the pertinent parédfas been clarified
by the preliminary result, as shown in Figure 2. Clugtdras
an approximat€,, symmetry with a 2-fold axis passing through
the midpoints both between two Pd atoms and between two

P2 ()

{Mo(S,CNEbL)} 2(u3-S)] (4) was obtained in 71% yield (Scheme
1). The IR spectrum of indicates disappearance of the #o
S bonds inla. In contrast td2a, however, théH and3P{1H}
NMR spectrum shows the presence of th€SEt, and PPh

(13) (a) Kawaguchi, H.; Yamada, K.; Lang, J.-P.; TatsumiJKAm. Chem.
S0c.1997 119, 10346. (b) Thomas, S.; Tiekink, E. R. T.; Young, C.
G. Inorg. Chem.1994 33, 1416.

(14) (a) Kuwata, S.; Mizobe, Y.; Hidai, Ml. Am. Chem. S0d.993 115
8499. (b) Yam, V. W.-W.; Yeung, P. K.-Y.; Cheung, K.-&.Chem.
Soc., Chem. Commuth995 267.

(15) Halbert, T. R.; Cohen, S. A.; Stiefel, E.Qrganometallics1985 4,
1689.

(16) (a) Zhu, N.-Y.; Zheng, Y.-F.; Wu, X.-TPolyhedron1991, 10, 2743.
(b) Zhu, N.-Y.; Wu, X.-T.; Lu, J.-XJ. Chem. Soc., Chem. Commun.
1991, 235. (c) Zhu, N.-Y.; Zheng, Y.-F.; Wu, X.-Thorg. Chem199Q
29, 2705. (d) Zhu, N.-Y.; Zheng, Y.-F.; Wu, X.-T. Chem. Soc.,
Chem. Commuril99Q 780.

(17) (a) Mansour, M. A.; Curtis, M. D.; Kampf, J. WOrganometallics
1997 16, 275. (b) Curtis, M. D.; Williams, P. D.; Butler, W. Mnorg.
Chem.1988 27, 2853. (c) Williams, P. D.; Curtis, M. Onorg. Chem.
1986 25, 4562.

(18) Wachter, JAngew. Chem., Int. Ed. Endl989 28, 1613.

(19) (a) Venturelli, A.; Rauchfuss, T. B.; Verma, A. Korg. Chem1997,
36, 1360. (b) Feng, Q.; Rauchfuss, T. B.; Wilson, SJRAmM. Chem.
Soc. 1995 117, 4702. (c) Bolinger, C. M.; Weatherill, T. D.;

(21) Unit cell parameters fof: orthorhombic, space group2;2:2; with

Rauchfuss, T. B.; Rheingold, A. L.; Day, C. S.; Wilson, S.Iforg.
Chem.1986 25, 634.

(20) Chen, S.; Vasquez, L.; Noil, B. C.; Rakowski DuBois, ®rgano-
metallics1997, 16, 1757.

a=16.97(1) Ab=29.31(1) A,c = 11.07(2) A,V = 5507(8) &.
Substitution of the PRhligand in 4 by CO, alkynes, alkenes, and
PMePh has been attempted in order to obtain high-quality single
crystals suitable for X-ray analysis, but it has been unsuccessful.
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Mo atoms. With respect to the pMo, core, it appears that ~ Shimadzu FTIR-8000M spectrometer, whild and 3'P{*H} NMR

there is bonding interaction between the two Mo atoms and spectra were recorded on a JEOL EX-270 or LA-400 spectrometer.
between the Mo and Pd atoms, but not between two Pd atoms UV —Visible spectra were measured by a Shimadzu UV-2400PC
The tetrametallic framework is therefore viewed as a butterfly spectrometer, and elemental analyses were performed by a Perkin-Elmer
structure with two Pd atoms at the wing-tip positions. Each 2400 series Il CHN analyzer. XPS analyses were measured by a Kratos

. . . XSAMB800pci spectrometer.
Pd atom is bound to threes-S atoms and one PRhgand in b tion of [M(PP S) M(S.CNEL SV (2. M =
a tetrahedral manner, whereas each Mo atom displays square, , reparation of [M'(PPhe)(u2-Sp{ M(S.CNEt2)} o(2-Sp] (2, M” =

idal fi fi ded by fi If ¢ , M =Mo, W; 3, M'=Pt, M' = Mo, W). The following procedure
pyramidal configuration surrounded by five sulfur atoms. for the preparation of [Pd(PRMuz-S)f W(S:CNE®)} 2(z-S)] (2b) is

Preparation of M\{I’z& cubane-type clusters from dinuclear representative. A mixture db (800 mg, 1.01 mmol) and [Pd(PRH
precursors containing d(u>-S) cores has already been (1.17 g, 1.01 mmol) in THF (200 mL) was stirred at room temperature

demonstrated. For exampleis known to react with [C4CO)g] for 17 h, and the solvent was removed in vacuo. The residual purple
to give [ Co(CO} o M(S:CNEbL)(us-S)(MeCN)} o] (M = Mo, powder was extracted with 150 mL of benzene. Addition of hexane
W), in which six metat-metal bonds exis Furthermore, to the concentrated extract ga®e as purple crystals (787 mg, 67%).
formation of [ Cu(PPR)} of M(SCH,CH,S)} 2(113-S)] (M = Mo, 'H NMR (CDCly): 6 1.40 (dd, 12 H, NCHCH;), 3.86-4.03 (m, 8 H,

W) from [EtN]o[M2Sy(uz-Sh(SCHCH,S)] and 2 equiv of NCHz(CHs), 5-2&7-58 (rk?l, 15 H, PPJ)(. UP(1H) hil)le (CEﬁIE,): o

; 69.0 (s, PP§). UV—uvisible nm €, Mt cm™1), CH.Cl,): 398
[CuCI(PPh)4] has also been reportééf which has a butterfly ' mave ' ) 22 ]
metal core similar to that id. However, incorporation of noble (7600), 560 (3900). Anal. Calcd forisNPSWoPd: C, 28.96;

X . g H, 3.04; N, 2.41. Found: C, 28.86; H, 2.99; N, 2.30.
QS;?(';’S'?;OU%Srfe(gezzjse);tggres to give MM'5S, cubane-type Preparation of [Pt(PPh)(us-Sh{Mo(S,CNEL)} o(u2-S)] (3a).
. P . ) Green crystals (64%)*H NMR (CDCly): 6 1.42 (dd, 12 H, NCECHj),
Facile formation of4 from 2aand [Pd(PP$)s] may suggest 397418 (m, 8 H, NCH,CHs), 7.18-7.29 (m, 15 H, PPY). 31P{1H}

that 2 and 3 serve as the potential precursors for preparing NMmR (CDCL): 6 51.5 (s, PP Jee = 4381 Hz). UV-visible (inax
cubane-type NM2M,S; clusters containing three different nm , M~ cm™), CH,Cl,): 412 (5700), 669 (4100). Anal. Calcd
metals (M= Mo, W; M1, M2 = Pd, Pt). As to arelated reaction, for CoHssN-PSMozPt: C, 31.31; H, 3.28; N, 2.61. Found: C, 31.38;
synthesis of [CUWMg(us-Sh(u-SPR:) (SPRo)sl] (R = Et, PF) H, 3.26; N, 2.48.
by stepwise incorporation of heterometals into f8u,-Sy(S,- Preparation of [Pt(PPhg)(u2-S){ W(S,CNEt)} 2(u2-S)] (3b). Purple
PR),] has been reportedf. In contrast to the ready conversion crystals (84%). *H NMR (CDCl): ¢ 1.43 (dd, 12 H, NCHCHj),
of 2ainto 4 by treatment with additional [Pd(PB4], however, 3.89-4.09 (m, 8 H, NCH,CHj), 7.21-7.36 (m, 15 H, PP§). ¥P{*H}
reaction of2 with [Pt(PPh),] resulted in the formation of only ~ NMR (CDCl): 0 74.8 (s, PPh Jpe = 4223 Hz). UV-visible (Amax
the intractable products, whereas the reaction3af with nm e, M~ ar?), CH,CI): 385 (11 000), 573 (6400). Anal. Caled
[Pd(PPh),] afforded the PgMo, cluster4, for which the fate E’rzcég;'??\'l\‘zgsl‘?/zpt' C,26.91; H, 2.82; N, 2.24. Found: C, 26.85;
of the Pt atom is uncertain. ’Rc.eac’tior} o.f 1.a with 0.8 Equiv of [Pd(PPh)4]. A mixture of 1a
At present, the oxidation states of the metals in these novel ‘ Al .
clusters described here are unclear. The XPS analys&afor (61.7 mg, 0.100 mmol) and [Pd(PHH (92.4 mg, 0.80 mmol) in THF

. ; ] 4 (20 mL) was stirred at room temperature for 6 h, and the solvent was
and4 have been carried out to obtain some information about \omoved in vacuo. ThiH and*P{H} NMR spectra showed that the

the oxidation states; the Pds3dbinding energies for bot@a resultant solid contains [Pd(PBf-Sk{ Mo(S,CNE®)} (2-S)] (28)
(336.4 eV) and4 (336.5 eV) lie between the values for Pd(0) and fPd(PPb)} o Mo(S;CNEb)} 2(us-Sk] (4; vide infra) in the ratio
(e.g. [PA(PPY.]: 335.9 eV) and Pd(ll) (e.g. [PAGPPh),: of ca. 10:1. Data for2a, H NMR (CDCl): 6 1.40 (dd, 12 H,
338.0 eV). On the other hand, preliminary extendettkél NCH;CHs), 3.93-4.10 (m, 8 H, NCH:CH3), 7.24-7.31 (m, PP}.
molecular orbital calculations for [Pt(R}z-S){ W(S;CNMey)} »- ¥P{H} NMR (CDCl): ¢ 46.6 (s, PPp. UV-—visible (lmas nm,
(u2-Sy] and [ Pd(PH)} A MO(S,CNMey)} (S, based onthe ~ CH:Cl): 441, 654.

structures oBb and4, suggest that botBb and4 contain the Preparation of [{ Pd(PPhe)} o MO(S:CNE)} o(#5-Sk] (4). A mix-

d° Pt(Pd) and 8 W(Mo) centers. These results indicate that turé of1a (886 mg, 1.44 mmol) and [Pd(PE) (3.33 g, 2.88 mmol)
some ambiguity about the oxidation state of the metals still " THF (200 mL) was stirred at room temperature for 22 h, and the

. - . P solvent was removed in vacuo. Recrystallization fromChi—-hexane
remains, and thus we are continuing further investigations to afforded black crystals (1.38 g, 71%)H NMR (CDCh): 6 1.30 (dd,

determine the oxidation states. , 12 H; NCHCH,), 3.81-3.86 (m, 8 H, NCH,CHs), 7.27-7.64 (m, 30

In summary, we have prepared a series of noble-metal sulfide 4 ppp). s1p[{1H} NMR (CDCL): 6 40.2 (s, PPY. UV—visible (imax
clusters2 and3 with unprecedented Nuz-S)Ma(u2-S) trian- nm, CHCl,): 456 (sh), 507 (sh). Anal. Calcd for@isoNoP,SsMo-
gular cores along with the cubane-type clusterthrough Pd: C, 40.80; H, 3.72; N, 2.07. Found: C, 40.20; H, 3.83; N, 2.21.
incorporation of noble metals into the dinuclear coreslin X-ray Diffraction Studies. Cluster3b prepared as described above

Remarkable dependence of the produced cluster cores on thevas recrystallized from Ci€Cl,—ether to give single crystals suitable
kind of noble metals is noteworthy. Further studies are in for the X-ray analysis, one of which was sealed in a glass capillary
progress, which are directed toward the preparation of sulfido under N and transferred to a Rigaku AFC7R diffractmeter equipped
Clusters Containing noble meta's Other than pa”adium and with a graphite-monochromatized MooKsource. Diffraction Study

platinum as well as reactivities of the noble-metal sulfide clusters ‘(’:"eaus [():Z:gr?'ldetzl:; at gfg”;;tee':‘rﬁiféuge' Ieogget”stg“‘;?e;“i‘:ggte;eirldollj”;‘1
: : Wi [ y -squ
obtained through these synthetic pathways. reflections with 29.2< 26 < 29.9. The intensities of three check

reflections were monitored every 150 reflections during data collection,
which revealed no significant decay. Intensity data were corrected for

General Methods. All reactions were carried out under dry nitrogen  Lorentz—polarization effects and for absorptiop 6cans). Details of
atmosphere by using standard Schlenk techniques. Solvents were driectrystal and data collection parameters are summarized in Table 2.
by the usual methods and distilled before use. ComplexeS{M- Structure solution and refinements were carried out by using the teXsan
Sk(SCNEbL),] (M = Mo, W?), [Pd(PPh)4],?* and [Pt(PPK)4]%°> were
prepared according to the literature. IR spectra were obtained from a(23) Miller, K. F.: Bruce, A. E.: Corbin, J. L.: Wherland, S.: Stiefel, E. I.
J. Am. Chem. S0d98Q 102 5102.
(22) Diller, H.; Keck, H.; Wunderlich, H.; Kuchen, W. Organomet. Chem. (24) Coulson, D. RInorg. Synth.1972 13, 121.

1995 489 123. (25) Ugo, R.; Cariati, F.; Monica, G. Lnorg. Synth.1968 11, 105.

Experimental Section




Tri- and Tetranuclear Mixed-Metal Sulfido Clusters

Table 2. X-ray Crystallographic Data fo8b

empirical formula GsH3zsN2 PSW, Pt
fw 1249.84

space group C2/c (No. 15)
alA 13.718(3)

b/A 12.795(2)

c/A 43.798(2)
pldeg 95.24(1)

VIA3 7654(1)

z 8

MA 0.710 69
pealcdd CT 3 2.169

u(Mo Ka)/em? 101.35

transm factors 0.24670.9990
Rint 0.086

R2 0.052

R.? 0.038

AR = Y||Fo|l — IFl/ZIFol. ® Ry = [IW(|Fo| — |Fcl)¥yIwWF?Y2,
w = 1/0%(F,).

program packag®. The positions of heavy atoms were determined

by Patterson methods and subsequent Fourier syntheses (DIRDIF

PATTY).?” In the final Fourier map, two of the terminal carbon atoms

in a diethyldithiocarbamato ligand were found at two disordered
positions each and were refined as C(26), C(29), C(27), and C(30) with
the occupancy of 60% for the former two atoms and 40% for the latter (28)

(26) teXsan: Crystal Structure Analysis Packaddolecular Structure
Corp.: The Woodslands, TX, 1985 and 1992.

Inorganic Chemistry, Vol. 37, No. 22, 1998797

two ones. All non-hydrogen atoms were refined anisotropically by
full-matrix least-squares techniques (basedpn All hydrogen atoms
except for those attached to C(25) and C(28) were placed at the
calculated positions and included in the final stage of refinement with
fixed parameters. The atomic scattering factors were taken from ref
28, and anomalous dispersion effects were included; the valusg of
and Af" were taken from ref 29.
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